Introduction ▼
The prevalence of obesity and type 2 diabetes mellitus (T2DM) is dramatically increasing worldwide. For less than 2 decades the prevalence of obesity has more than doubled to exceed 470 million, representing the most common metabolic disease nowadays ( International Obesity Taskforce, 2010). The rise in obesity prevalence is paralleled by a similar rapid increase in the prevalence of T2DM demonstrating the close interrelationship between these metabolic diseases ( Wild et al., 2004 ) . Obesity and T2DM are multifactorial health threats caused by a complex interplay between genetic predisposition and the environment ( Neel, 1999 ) . The advancements in human genetics and the utilization of genome-wide association (GWA) approach have recently revealed Obesity and type 2 diabetes mellitus are multifactorial health threats caused by a complex interplay between genetic predisposition and the environment with dramatically increasing worldwide prevalence. The role of heritability in their etiology is well recognized, however, the numerous attempts made in order certain genetic variants determining individual susceptibility to be identifi ed have had limited success, until recently. At present the advancements in human genetics and the utilization of the genome-wide association approach have led to the identifi cation of over 20 genetic loci associated with, respectively obesity and type 2 diabetes. Most of the genes identifi ed to date, however, have modest eff ect on disease risk suggesting that both diseases are unlikely to develop without the individual being exposed to obesity-and/or type 2 diabetes-promoting environment. Indeed, unhealthy lifestyle, characterized by physical inactivity and food overconsumption is an unequivocally established risk factor for obesity and type 2 diabetes. Numerous epidemiological studies and randomized controlled trials, on the other hand, have demonstrated that lifestyle modifi cation is eff ective in obesity and type 2 diabetes prevention. Furthermore, genelifestyle interaction studies suggest that genetic susceptibility to obesity and type 2 diabetes may be partially or totally kept under control by healthy lifestyle or lifestyle modifi cation and that lifestyle determines whether an individual is likely to develop the disease. Inherited factors, however, seem to infl uence individual response to a lifestyle intervention program and even the motivation for lifestyle change. Personalized interventions according to genotype may be, therefore, considered in the future. By then lifestyle modifi cation targeting dietary change and increased physical activity may be recommended for successful obesity and type 2 diabetes prevention irrespectively of genetic susceptibility.
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example in this respect is the existence of severe monogenic forms of both disorders such as the congenital leptin defi ciency ( Montague et al., 1997 ) , the melanocortin-4 receptor defi ciency ( Farooqi et al., 2003 ) , and the maturity onset diabetes of the young (MODY) ( Vaxillaire and Froguel, 2006 ) . The strong impact of inherited factors on obesity and T2DM has also been confi rmed in a large number of family, twin and adoption studies. Studies in twins have demonstrated that 50-70 % in the body mass index (BMI) variance may be explained by genetics ( Allison et al., 1996 ) , and T2DM concordance was reported ranging from 17-37 % in dizygotic to 50-70 % in monozygotic twins ( Kaprio et al., 1992 ; Medici et al., 1999 ; Poulsen et al., 1999 ) . In addition, family and adoption studies have reported heritability ranging from 20-60 % for obesity ( Rice et al., 1999 ; Stunkard et al., 1986 ) and 30-70 % for T2DM ( Meigs et al., 2000 ) . During the past 15 years numerous attempts have been made to identify certain genetic variants determining susceptibility to obesity and T2DM. Until recently candidate gene and genomewide linkage studies have been the main genetic epidemiological approaches. Progress has, however, been slow and success limited with few reproducible results ( Vimaleswaran and Loos, 2010 ) . Utilization of the GWA approach and the progress made through the International HapMap project and the Human Genome Project has substantially improved the knowledge about obesity and T2DM genetics ( Rankinen et al., 2006 ) . At present, as a result of this technological advancement over 20 loci for respectively obesity and T2DM have been convincingly confi rmed in various populations ( Herder and Roden, 2010 ; Vimaleswaran and Loos, 2010 ) . Extensive description of the genetic variants infl uencing individual susceptibility to obesity and T2DM is beyond the scope of the current paper (for a detailed review on the topic, please refer to ( Herder and Roden, 2010 ; Vimaleswaran and Loos, 2010 ) . We are rather aiming at demonstrating the eff ect of gene-lifestyle interactions on the development of diabesity. Most of the genes identifi ed to date have modest eff ect on disease risk and both diseases are unlikely to develop without the individual being exposed to obesity-and/or type 2 diabetes-promoting environment. Therefore, in the next section the importance of lifestyle in obesity and T2DM will be discussed.
Lifestyle in Obesity and Type 2 Diabetes Mellitus ▼ Unhealthy lifestyle, characterized by physical inactivity and food overconsumption is an unequivocally established risk factor for obesity and type 2 diabetes. Increased PA and energy restriction, on the other hand, are associated with lower incidence of obesity and T2DM in numerous epidemiological studies.
Lessons from epidemiological studies
Findings from cross-sectional and prospective studies suggest that food overconsumption and a predominantly sedentary lifestyle may cause obesity and T2DM, while adoption of a healthier lifestyle may prevent them. It has been demonstrated that lack of non-sedentary activities, the time spent watching television, and western dietary pattern can substantially increase the odds of becoming obese and of developing T2DM ( Ching et 
Evidence from randomized controlled trails
The effi cacy of lifestyle changes in obesity and T2DM prevention has been established in numerous randomized controlled trails (RCTs). Several of them may, however, be considered of major importance due to their large sample sizes (i. e., 458-3234 individuals) and long-term duration (i. e., 3-6 years). The Chinese Da Qing diabetes prevention study was the fi rst to investigate the eff ect of 6-year lifestyle change on body weight and diabetes incidence in individuals with impaired glucose tolerance (IGT) ( Pan et al., 1997 ). Pan and co-workers (1997) reported 42 % reduction in diabetes incidence, although no signifi cant diff erence in body weight was present. Similar results were found in the Finnish Diabetes Prevention Study (DPS) and the US Diabetes Prevention Program (DPP). DPS and DPP independently reported reduction in diabetes incidence of 58 % accompanied by significant reduction in body weight (5-7 %) as a result of the lifestyle modifi cation ( Knowler et al., 2002 ; Tuomilehto et al., 2001 ). These fi ndings were also confi rmed in Japanese and Indian populations, reporting 67.4 % and 28.5 % reduction in diabetes incidence, respectively ( Kosaka et 2011) reported signifi cant reduction in body weight and diabetes incidence at 1, as well as, at 3 years during a lifestyle modifi cation program carried out in a primary healthcare setting among subjects with IGT. All large-scale interventions have been successful in preventing T2DM during the active intervention period. Remarkably when the eff ectiveness of the lifestyle modifi cation programs was assessed on the long-term after discontinuation of the intervention, diabetes risk still remained substantially reduced. In the Finnish DPS, for instance, at extended follow-up 3 years after the 4-year intervention period a substantial reduction in body weight and T2DM incidence was still present ( Lindstrom et ). However, this study was not initially designed to examine the eff ect of lifestyle intervention on total mortality or cardiovascular morbidity, and therefore the statistical power may not have been suffi cient to detect small diff erences in cardiovascular events between the 2 groups. Besides, a longer follow-up period might be needed to answer this question. In the Malmö Preventive trial with a 12-year follow-up of men with IGT total and cardiovascular mortality were lower among participants in the lifestyle intervention group, however, these results should be considered with caution due to the non-randomized design of the study ( Eriksson and Lindgarde, 1998 ) . Recent fi ndings of bariatric surgery treatment of very obese subjects showed that weight loss indeed may reduce not only T2DM risk but also total mortality ( Sjöström et al., 2007 ) . Further investigations are needed to clarify whether prevention of T2DM by lifestyle modifi cation is associated with cardiovascular disease prevention; until then decisions have to be made on the basis of the best available information.
In conclusion, evidence from epidemiological studies and RCTs demonstrate that lifestyle modifi cation comprising higher levels of PA and prudent food consumption may be eff ective in obesity and T2DM prevention. The positive eff ect of lifestyle on body weight seems somewhat transient, whereas the eff ect on T2DM is sustained for longer periods. Furthermore, lifestyle modifi cation appears to have an eff ect on diabetes risk independently of body weight and even of weight loss.
Lifestyle and Genetics in Obesity and Type 2 Diabetes ▼
Recent advancement in human genetics has led to the identifi cation of a relatively big number of obesity-and T2DM-associated loci. Their contribution to disease risk has, however, been shown to be small and their predictive value low, suggesting that lifestyle plays crucial role in obesity and T2DM development ( Vimaleswaran and Loos, 2010 Table 1 ).
The notion that lifestyle modifi cation can eliminate the increased risk for development of T2DM in subjects with genetic susceptibility is also supported by fi ndings of Barwell et al. (2008) who reported that women with family history of T2DM experience greater improvement in insulin sensitivity following an exercise intervention than women with no family history. Although lifestyle modifi cation has been found effi cient in obesity and T2DM prevention even among genetically susceptible individuals, considerable heterogeneity in intervention responses has been observed. Genetic infl uences have been suggested to contribute to this heterogeneity. Risk allele carriers in several obesity-and T2DM-associated genes, for instance, have been found to experience suppressed weight reduction and improvement in various metabolic parameters in response to exercise or combined lifestyle interventions ( 
Conclusions ▼
Obesity and T2DM are clearly the results of a complex interplay between inherited factors and the environment. Recent advancements made through the GWA approach have substantially contributed to our understanding of obesity and T2DM genetics, however, most of the loci identifi ed to date have modest eff ect on disease risk. Hence, lifestyle factors, namely physical inactivity and food overconsumption seem to have major importance for the development of both diseases. Healthy lifestyle and lifestyle modifi cation, on the other hand, appear to be the most effi cient tools for obesity and T2DM prevention. In addition, gene-lifestyle interaction studies suggest that lifestyle determines whether an individual is likely to develop the disease and that genetic susceptibility may be partially or totally kept under control by lifestyle modifi cation.
Since genetics seems to infl uence individual response to a lifestyle intervention and even the motivation for lifestyle change, personalized interventions according to genotype may be considered in the future. By then lifestyle modifi cation targeting dietary change and increased physical activity may be recommended for successful obesity and T2DM prevention irrespectively of genetic susceptibility.
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